A new derivative of amphotericin B named amphotericin B(5) has been obtained under the following condition: amphotericin B powder was first dissolved in N,N-dimethylformamide at room temperature to obtain a solution of concentration of 2.0 mg ml À1 . Then, the solution was kept at 60 1C in an electric-heated thermostatic water bath for 48-60 h for the purpose of accelerating the degradation. Amphotericin B(5) was isolated by preparative HPLC. Its structure has been identified by means of UV, NMR and LCMS-IT-TOF as (1R, 3S, 5R, 6R, 9R, 11R, 15S, 16R, 17R, 18S, 19E, 21E, 23E, 25E, 27E, 29E, 31E, 33R, 35S, 36R, 37S)-33-[3-form-amide-3,6-dideoxy-b-D-mannopy-ran-osyl)oxy]-1, 3,5,6,9,11,17,37-octahydroxy-15,16,18-trimethyl-13-oxo-14,39-di-oxabicyclo [33.3.1] nonatriaconta-19,21,23,25,27,29,31-heptaene-36-carboxylic acid named according to the International Union of Pure and Applied Chemistry. The activity of amphotericin B(5) was tested against Saccharomyces cerevisiae based on microbiological potency using cylinder-plate method, and the toxicities of amphotericin B and amphotericin B(5) were determined simultaneously in zebrafish embryo. The results showed that the toxicity of amphotericin B(5), as revealed by its LD 50 value, was lower than amphotericin B.
INTRODUCTION
Amphotericin B is an important antifungal antibiotic referred to as a 'golden standard' due to its high and broad spectrum of activity. 1,2 It was first isolated from Streptomyces nodosus in 1955 and has been used in the clinic since 1960 to treat a large variety of systemic fungal infections. 3, 4 Amphotericin B is a macrocyclic lactone composed of a hydrophilic polyhydroxyl chain on one side and a lipophilic polyene hydrocarbon chain on the other side. Its molecular formula is C 47 H 73 NO 17 , and its chemical structure is shown in Figure 1 . To date, amphotericin B remains one of the most potent agents in curing severe and refractory systemic fungal infection among antifungal agents developed. Polyene antifungal antibiotics, an antibiotic family of amphotericin B, selectively associate with ergosterol, which is located in fungal cell membranes, to form transmembrane channels. As a result, cellular components such as potassium and magnesium ions, glucose, and amino acids pass through the channels. [5] [6] [7] Amphotericin B, however, has serious side effects such as nephrotoxicity. 8, 9 Several new formulations have been developed recently aiming at overcoming its side effects, such as amphotericin B lipid complex, nanoparticles and so on, 10, 11 by which the side effects of amphotericin B can be alleviated. According to our experience, the toxicity of antibiotics can be positively correlated with its impurities, which inspired us to study the possibility to reduce toxicity and improve activity by controlling the amount of impurities. In our laboratory, five newly generated compounds under different conditions, named as amphotericin B (1), (2), (3), (5), (7), respectively, have been preliminarily studied. The structure of amphotericin B(2) has been identified. 12 In this paper, we report the isolation and structure determination of amphotericin B(5), as well as its primary evaluation of the activity and toxicity.
RESULTS AND DISCUSSION
The chemical structure of amphotericin B can be determined by using X-ray diffraction. 13 Similarly, due to its complexness, the chemical structure of amphotericin B(5) in this work was analyzed by combining a variety of spectrometric methods, as well as structural comparison with amphotericin B.
UV-Visible
The characteristic UV absorption spectrum of amphotericin B was extremely similar to that of amphotericin B(5). Particularly, there were three absorption peaks at 364.1, 383.3, 407.5 nm and 364.2, 384.3, 407.2 nm in the spectra of amphotericin B and amphotericin B(5), respectively, indicating that the parent conjugated long-chain structure in each component was almost identical.
LCMS-IT-TOF
Amphotericin B and amphotericin B(5) were analyzed using both AB-QTRAP-3200 mass spectrometry (Applied Biosystems, Foster City, CA, USA) and Shimadzu LCMS-IT-TOF mass spectrometry (Shimadzu Corporation, Kyoto, Japan) with identical results being obtained using both systems. The MS data obtained from LCMS-IT-TOF were adopted for structure analysis, for LCMS-IT-TOF mass spectrometry, compared with AB-QTRAP-3200, can determine multi-level decomposition of selected ion peaks, therefore, it is more reliable for resolving the molecular structure and fragmentation pathway of every ion peak. The molecular formula and structure of amphotericin B(5) were proposed based on a comparison of MS data between amphotericin B and amphotericin B(5). The formula of amphotericin B(5) was rationalized to be C 48 H 73 NO 18 with a molecular weight of 951. The fragmentation information is summarized in Table 1 and the fragmentation pathway is shown accordingly in Figure 2 .
As shown in Table 1 . They both lost a sugar chain in the MS2 scan and therefore produced the same ion peak at m/z 783.3810, and subsequently produced the same ion peak at m/z 721.3800 through losing a CO 2 and a H 2 O molecule. It can therefore be inferred that the reaction must occur within the sugar chain (Figure 3 ), for the sugar chain that was fragmented in the MS2 scan as supported by the same fragment peaks in both MS2 and MS3 scan by amphotericin B and amphotericin B(5). Moreover, because amphotericin B was dissolved in N,Ndimethylformamide and incubated at 60 1C in a water bath to accelerate the reaction, the ammonolysis reaction is very likely to occur within the sugar chain. The molecular formula of amphotericin B(5) was found to be C 48 H 73 NO 18 .
NMR
The amphotericin B(5) structure has also been further confirmed by conducting 1 H-NMR and 13 C-NMR experiments. Particularly, according to MS analysis, a newly produced amino acyl-C and active amide hydrogen may exist in the sugar chain of amphotericin B(5). Accordingly, the 1 H-NMR and 13 C-NMR data of this part could be very important (Table 2) .
A new 13 C-NMR peak d 202.3 and two new 1 H-NMR peaks d 7.95 and d 8.02 can be identified in amphotericin B(5) sample, which are very likely from the new fragment produced during the reaction process. Compared with the 1 H-NMR and 13 C-NMR data of amphotericin B, it can be concluded that the unique spectral shift of amphotericin B(5) exhibited d 202.3 in the 13 C-NMR and d 7.95, 8.02 in the 1 H-NMR can be attributed to the amide bond newly formed in the amino sugar chain, which is consistent with our previous speculation based on the MS data.
Toxicity in zebrafish embryo
The toxicities of both amphotericin B and pure amphotericin B(5) have been examined in TU type zebrafish embryos. This animal model exhibits several advantages including low husbandry cost, short period [14] [15] [16] and so on. The samples in toxic study were divided into several groups, including the wild-type control group, 0.1% N,Ndimethylformamide system control group, as well as a series of amphotericin B and amphotericin B (5) Figure 3 Amphotericin B degradation to amphotericin B(5).
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zebrafish embryos. The procedure was as follows: the drugs were delivered to the healthy embryos at 6 hpf (hour post fertilization) and the embryos were then cultured at room temperature for 3 days. During this incubation period, the sample solution was changed every day and the morphological change of the zebrafish was also monitored daily. The sample concentration was adjusted accordingly to the experiment result until the LD 50 was found. The LD 50 for amphotericin B and amphotericin B(5) were found to be around 90 ng ml À1 and 5.0 mg ml À1 in this animal model, respectively, suggesting an obvious lower toxicity of amphotericin B(5).
Activity evaluated by microbiological potency using cylinder-plate method The activities of amphotericin B and amphotericin B(5) were determined according to the cylinder-plate method in Chinese Pharmacopoeia. Specifically, the two-dose method was used in the study. The high and low dosages were set to be 8.0 and 4.0 U ml À1 , respectively, according to the preliminary experimental results. The activity of amphotericin B(5) was evaluated by measuring the size of inhibition zone after 16 and 18 h incubation at 35 1C. The potency value results showed that the activity of amphotericin B(5) was 978.4 U mg À1 , very close to that of amphotericin B which was no less than 850.0 U mg À1 specified in Chinese Pharmacopoeia. In addition, to broaden the inhibition zone and shorten the incubation time, the buffer pH value in this study was changed from 10.5 to 7.0, and a certain amount of Tween-80 was also added to the buffer.
EXPERIMENTAL PROCEDURE Instruments and methods
Amphotericin B used in this study was provided by NICPBP (National Institute for the Control of Pharmaceutical and Biological Products) in China. The concentration variations in amphotericin B, as well as its derivative, were monitored and separated using a Shimadzu HPLC and Shimadzu preparative HPLC, respectively. Buchi rotary evaporator (BÜ CHI Labortechnik AG, Flawil, Switzerland) was used to remove the organic solvent. 1 H-NMR and 13 C-NMR spectra were recorded on Time-of-fight mass spectrometry data were measured in the Shimadzu Corporation. The toxicity tests were conducted using embryos of TU-type zebrafish. Thirty embryos were used for each treatment group. Olympus electron microscope (Olympus, Tokyo, Japan) was used to examine the morphology of the embryo and take pictures. The Saccharomyces cerevisiae and culture medium used in the activity test were also provided by NICPBP.
Sample preparation
A quantity of 100 mg amphotericin B was dissolved in 50 ml N,N-dimethylformamide to give a resultant solution with a concentration of 2.0 mg ml À1 . The solution was then placed into an electric-heated thermostatic water bath and kept at 60 1C for 48-60 h to accelerate any degradation or reactive processes. In the end, the contents of the newly generated derivative and amphotericin B were found to be about 31.2 and 64.6%, respectively, monitored by HPLC (Figure 4 ) (Column: Phenomenex luna C 18 (250Â4.6 mm, 5 mm) mobile phase/organic phase (methanol/acetonitrile¼41:18)-buffer (2.5 mmol l À1 EDTA-2Na)¼55-45; flow rate: 1.0 ml min À1 ; column temperature: 30 1C; wavelength: 407 nm; injection volume: 20 ml.). The derivative was isolated by preparative HPLC (column: shim-pack PREP-ODS 228-00815-91 20 mmÂ250 mm, 15 mm) with methanolwater (85:15 in volume) solution as a mobile phase at a flow rate of 11.0 ml min À1 and the injection volume of 1.0 ml. The detection wavelength was 407 nm. The amphotericin B(5) fraction was collected and the organic solvent was removed by rotary evaporator. The residual water phase was further purified using LH-20 gel with water as a mobile phase. The derivative of amphotericin B was obtained after being freeze-dried by a vacuum freeze dryer. The purity of amphotericin B(5) was 96.3% ( Figure 5 ) (The HPLC chromatographic condition was same as Figure 4 ).
CONCLUSION
A new amphotericin B derivative named amphotericin B(5) has been identified, whose molecular formula was found to be C 48 H 73 NO 18 with a molecular weight is 951. The sample containing 96.3% amphotericin B(5) was yellowish-brown powder. The structure of amphotericin B(5) was determined based on a variety of spectrometry methods. Its toxicity was examined in a zebrafish animal model, and ascertained to be obviously lower than that of amphotericin B. Meanwhile, the activity of amphotericin B(5) was found to be 978.4 U mg À1 very close to that of amphotericin B as tested by microbiological potency using cylinder-plate method.
